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(57) Abstract: The present 

invention discloses a process for the 
preparation of thieno[3,2-c] pyridine 
derivatives of general formula (I), in 
/||\ either racemic or optically active (+) 

or (-) forms and their salts, wherein 
X, the substituent on benzene ring 
represents either a hydrogen or 
halogen atom such as fluorine, 
chlorine, bromine or iodine. The 

present invention also describes a process for preparing the compounds of general formula (II), in either racemic or optically active 
(+) or (-) forms and their salts, where X, the substituent on benzene ring represents either a hydrogen or halogen atom such as 
fluorine, chlorine, bromine or iodine. The compounds represented by formulae (I) and (II) have one asymmetric carbon and hence, 
the optically active compounds of formula (I) or of formula (ii), may be obtained either by resolving the racemic intermediate/final 
product or using an optically active intermediate- The compounds of the invention are pharmacologically active and have significant 
anti -aggregating and an ti -thrombotic properties. 



WO 02/059128 PCT/IN02/00012 

1 

PROCESS FOR PREPARING CLOPIDOGREL 

FIELD OF THE INVENTION 

The present invention relates to a process for the preparation of thieno[3,2-c]pyridine 
5 derivatives of general formula (I), in either racemic or optically active (+) or (-) forms and 
their salts, wherein X, the substituent on benzene ring represents either a hydrogen or halogen 
atom such as fluorine, chlorine, bromine or iodine. 




(I)(±)or(+)or(-) 

10 Preferably, X represents 2-chloro. 

The present invention also describes a process for preparing the compounds of general 
formula (II), in either racemic or optically active (+) or (-) forms and their salts, where X, the 
substituent on benzene ring represents either a hydrogen or halogen atom such as fluorine, 
chlorine, bromine or iodine. 



15 




(H)(±)or(+)or(-) 



Preferably X represents 2-chloro. These compounds are useful intermediates to prepare 
compounds of general formula (I). 
20 The compounds represented by formulae (I) and (IT) have one asymmetric carbon and 

hence, to obtain optically active compounds of formula (I) or of formula (II), option available 
is either to resolve the racemic intermediate/final product or use an optically active 
intermediate. 

BACKGROUND OF THE INVENTION 

25 Thieno[3,2-c]pyridine derivatives disclosed in FR 2,215,948, FR 2,530,247 and FR 

2,612,929, are pharmacologically active and have significant anti-aggregating and anti- 
thrombotic properties. One such example is 'Clopidogrel', (iS)-(+)-(2-chlorophenyl)-(6,7- 
dihydro-4//-thieno[3,2-c]pyridin-5-yl) acetic acid methyl ester and its pharmaceutically 
acceptable salts. Later, it was found that the biological activity resides only with (iS)-(+> 

30 stereoisomer (US 4,847,265). As Clopidogrel base' is an oily liquid, in order to prepare a 
convenient formulation, the base is converted into a pharmaceutically acceptable salt. 
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Suitable salts of 'Clopidogrel base 1 can be formed with taurocholate, hydrobromide and 
sulfuric acid. 

DESCRTTION OF THE PRIOR ART 

The reported methods to synthesize the compounds of general formula (I) (US 4529596, 
GB 0420706 and GB 0466569), use a-halophenylacetic acid derivatives, which are 
lacrimatory and irritant in nature. The processes to synthesize such compounds involve 
multiple steps, and have other drawbacks due to the chemicals/reagents used, which usually 
are difficult to handle, scale-up and unfavorable from human health as well as environmental 
point of view. Moreover, overall yields of these processes range from poor to average. 
Various other synthetic approaches found in literature, involve expensive or hazardous 
chemicals, which do not significantly improve the yield of the desired product. 

Recently, radiolabeled (bezene-U- 13 C) racemic(±)-Clopidogrel has been prepared as a 
standard for metabolic studies in an overall yield of 7 % using orthometalation/chlorination 
of benzoic acid derivative (Chem. Abst, 133:281711, 2000). Various other strategies are 
disclosed in: WO 98/51681, WO 98/51682, WO 98/51689, WO 99/18110, US 4,876,362, US 
5,036,156, US 5,132,435, US 5,139,170, US 5,204,469 and US 6,080,875. 

Recently, a new polymorph of Clopidogrel bisulfate (named as form II) has been 
disclosed in patent application (WO 99/65915), which has a melting point of 176 ± 3 °C. It 
also mentions that the compound disclosed in the earlier US patent (US 4,847,265), had a 
different melting point of about 184 ± 3 °C (now referred as, form I). It has been shown that 
both the polymorphs have distinct and characteristic XRD and IR spectrum. 

Consequently, the present invention aims to provide an inexpensive and commercially 
viable process to prepare compounds of formula (I) in good yields. 
OBJECTS OF THE INVENTION 

The main object of the present . invention is to provide a novel process to prepare 
thieno[3,2-c]pyridine derivatives, represented by the general formula (I), in either racemic or 
optically active (+) or (-) forms and their salts, wherein X represents either hydrogen or 
halogen atom such as fluorine, chlorine, bromine or iodine. 




(I) (±)or(+)or(-) 
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Another the object of the present invention is to provide a novel process to prepare 
thieno[3,2-c]pyridine derivatives, represented by the general formula (I), in either racemic or 
optically active (+) or (-) forms and their salts, through a commercially viable route. 

A particular object of the present invention is to provide a novel process to manufacture 

(iS>(+)-(2-chloropheny^ acid meiix y l ester 

as bisulfate salt, i.e. Clopidogrel bisulfate, where X is 2-chloro substituent. 



O^OCH, 




0)(+) 

The preferred object of the present invention is to provide a novel process to manufacture 
Clopidogrel bisulfate, through a commercially viable process. 

Another important object of the present invention is to provide a novel process to 
manufacture polymorph form I of Clopidogrel having melting point 184 ± 3 °C, through a 
commercially viable route. 

Yet another object of the present invention is to recycle through a novel process the 
laevoisomer of Clopidogrel or a variable mixture of (+) and (-) stereoisomers to make (+)- 
Clopidogrel bisulfate. 

Another object of the present invention is to provide a process to prepare a compound (2- 
cWorophenyl)-(6,7-dihydro-4//^-tWeno[3,2-c]pyrid-5-yl)acetamide of formula (II), either in 
racemic or as optically active (+) or (-) forms and their salts. 

CONH 2 

(II)(±)or(+)or(-) 

Another object of the present invention is to provide a process for the preparation of a 
compound of formula (II) where X is 2-chloro, in racemic as well as optically active (+) or (-) 
forms having suitable chemical and chiral purity and along with their salts. The dextro isomer 
of compound with formula (II) with suitable purity or its salts, are useful intermediates for 
the synthesis of (+)-Clopidogrel bisulfate. 

Still another object of the present invention is to provide a novel process to convert (#)-(- 
)-(2-chlorophenyl)-(6,7-dihy^^ or its mixture with 

variable minor amounts of its optical antipode, into almost a 1:1 mixture of (+) and (-) 
isomer. 
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It is also an object of the present invention is to provide a process to prepare compound of 
formula (HI), (2-cMorophenyl)-(6 ? 7-diliydro-4if-thieno[3,2-c]pyrid-5-yl)acetic acid, in 
racemic (±) or in either of the optically active (+) or (-) form, and their salts. 

Still another object of the present invention is to provide a novel process to convert (/?)-(- 
)-(2-cUorophenyl)-(6,7-dihydro-4fi r -thieno[3 J 2-c]pyrid-5-yl) acetic acid in a mixture to (iS)- 

(+) stereoisomer. 

Another object of the present invention is to provide a process for the preparation of a 
compound of formula (IV), (±)<2-cWorophenyl)-(6,7-dmydro-4/f-thieno[3,2-c]pyrid-5- 
yl)acetonitrile, and their salts. 

Still another object of the present invention is to provide a novel process to convert (#)-(- 
)-(2-cMorophenylH6,7-dihydro^^ or its mixture with 

variable minor amounts of its optical antipode, into almost a 1:1 mixture of (+) and (-) 
isomer. 

The process described herein provides a simple and alternative method to prepare 
compounds of the general formula (I), particularly (S)-(+)-Clopidogrel bisulfate, polymorph 
form I. 

SUMMARY OF THE INVENTION 

The above and other objects of the present invention are achieved by the process of the 
present invention by employing compounds of formula (II) 



conh 2 




(U)(±) or (+)<*(-) 

or its salts, in either racemic or optically active (+) or (-) forms, as outlined in Scheme 1. 

Optionally, the present invention provides a method to resolve (±)-(2-chlorophenyl)-(6,7- 
dihydro-4^-thieno[3,2-c]pyrid-5-yl)acetamide into optically active (+) or (-) forms, which 
can be used to prepare (+)-Clopidogrel bisulfate. 

Optionally, the present invention provides a method to resolve (±)-2-(2-chlorophenyl)- 
(6,7-dihydro-4/f-thieno[3,2-c]pyrid-5-yl)acetic acid into optically active (+) or (-) forms. 

Optionally, the present invention provides a method to resolve (±)-(2-chlorophenyl)-(6,7- 
dihydro-4/f-thieno[3,2-c]pyrid-5-yl)acetonitrile into optically active (+) or (-) forms 
DETAILED DESCRIPTION OF THE INVENTION 

Accordingly, the present invention provides a process to prepare compounds of formula 
(I), in either racemic or optically active (+) or (-) forms and their salts, where X represents 
either hydrogen or a halogen atom such as fluorine, chlorine, bromine or iodine. More 
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particularly, the present invention provides a process to prepare Clopidogrel bisulfate. 

The process to prepare compounds of formula (I) or its salts, uses compounds of formula 



conh 2 




(D)(±)or(+)or(-) 



or its salts, in either racemic or optically active (+) or (-) forms, as outlined in Scheme 1 . 
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SCHEME 1 

10 Each intermediate in Scheme 1 has one chiral center. Hence, to prepare an optically 

active product, such as compound represented by formula (I), particularly Clopidogrel and its 
salt, it is possible to use an optically active intermediate from the first step onwards. 

The present invention provides a process for the preparation of compounds of formula (I) 
and their salts as shown in scheme 1, which comprises: 
15 1. preparing compound of formula (IV), (±)-(2«chlorophenyl)-(6,7-dihydro-4iy-thieno[3,2- 

c ]pyrid -5-yl)acetonitrile as described in Scheme 2, i.e. via Strecker reaction; 
2. resolving, if desired, the racemic mixture of compound of formula (IV) into its optically 

active (+) and (-) stereoisomers; and recycling the unwanted stereoisomer into the 

process by racemization; 
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. -c—,,!. nvi in either racemic or optically active (+) or (-) 
transforming the compound of formula (IV) in eitlierr y |W .,, h|ta4B . 

merits salt, into tire compound of Ibrmula (H), S^^r 1 * 
*ieno P , 2 -c]pyrid-5-y.)ace t am id e or optical, active correspond^ (4) or (-) form, based 

' era; - ~ ^ "° ^ " 

Uorm or its sal,, into ehher optically active or racemic compound of formula (D, ( ± M2 
C pheny^^o^enotB^pytid-S-yl^ merhy, eater, . raoemrc 
or optically active W and (-) form and Ha sal. baaed upon alerting matenal used 
6 furmer resolving and/or transforming tire racemic/optically active compound of formuU 
phLaceutically accept sahs and/or, Uherating tire racemic or opucally 
active compound of formula © from *s ^ 
Alternatively, either of tire compounds of formulae (IV) (11), 
acttve (+) or (-) form can he transformed into corresponding compounds of formula (m), 
wh ich canthen he converted into corresponding compound I of formula ®- 

The compound of formula (IV) in racemic or optica!ly aouve ( + ) or (-) forma can 
directiv converted into corresponding compound of formula (I). 

Stilly, suitah, acid addition saHs of the intermedial of formula II, HI - IV-^ 
„e US L in tire above mentioned processes. Sudable acids used may be selected ftom cettc, 
tZL L*. — C citiic, tartaric, gentisic, meti.anesulfomc, — 
ZLfomc, p-,omenesulfon,, camphor sutfonic, hydrocMotic somatic, hydrohrormc 

^iraSotofrhepresentlnventionls.providea process for the preparation of a 
novel intermediate of formula (IV) and its salts. 




(IV)(±)or(+)or(-) 



Ye, another aapeo, of the procoss of invention includes preparation of udermedrate 
JitdCgenl formu,a (IV) and as depiced in tire Scheme 2, by Stiver reaction 
nsing a secondary amine (Organic Symhesia Collective Volume m. page no. 275). 
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SCHEME 2 

The process to prepare compounds of formula (IV) includes, reacting a min e of formula 

5 (V) or its salt, with a cyanide derivative of the general formula (VII), wherein M represents 
either alkali metals such as Na, K, Li, or H, trimethylsilyl (TMS) and the like; with 2- 
chlorobenzaldehyde of formula (VI). The synthesis of amine or its salt having formula (V) is 
described in FR 2608607. 

The above reaction can be carried out in various ways. A few such methods are outlined 

10 in Scheme 2 shown above. Initially, amine of formula (V), or its salt, is reacted with cyanide 
(VET), wherein M is as defined earlier, followed by addition of 2-chlorobenzaldehyde (VI). 
Alternatively, 2-chlorobenzaldehyde (VI) is treated with cyanide of formula (VII), wherein M 
is as defined earlier, and the intermediate cyanohydrin is further reacted with amine of 
formula (V) or its salt. In an alternative method, 2-chlorobenzaldehyde of formula (VI) is 

15 added to hydrogen sulfite derivative of formula (VIII) wherein M' represents Na, K, Li and 
the like; followed by reaction with cyanide of formula (VII), wherein M is as defined earlier, 
and finally amine of formula (V) or its salt in an in situ reaction. Irrespective of the variations 
in the reaction methodology, the yield of resultant intermediate (IV) obtained is comparable. 
The preferred method involves, addition of 2-chlorobenzaldehyde of formula (VI) to 

20 hydrogen sulfite derivative of formula (VIII). The salt formed is treated with cyanide of 
formula (VII), and finally with an amine of formula (V) or its salt in presence of suitable 
reagent and solvents. 

Suitable reagents includes acid catalysts, such as glacial acetic acid (Synthesis, 1989, 
616-618), hydrochloric acid, sulfuric acid, methanesulfonic acid, trifluoroacetic acid, 
25 polyphosphoric acid and the like. 

Suitable solvents can be hydrophilic solvents, either protic or aprotic, includes water, (C x - 
C 4 ) alcohol, tetrahydrofuran, dimethyl formamide, DMSO, dioxane, 1,2-dimethoxy ethane, 
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acetic acid, propionic acid and the like, or a mixture of solvents thereof. The preferred solvent 
is a mixture of solvents and water in varying ratio. The more preferred reaction medium 
includes a mixture containing water and (Ci-C^alcohol in a ratio varying between 1:1 and 
1:10. 

5 When the reaction is carried out in aprotic or hydrophobic solvent, a phase transfer 
catalyst and a biphasic solvent system is necessary. Suitable phase transfer catalyst used in 
such a case may be tetrabutyl ammonium halide, benzyltrimethylammonium halide, and the 
like. 

During the reaction, certain additives may be added. Such suitable additives may be 
10 cyclo[(S)-histidine-(S)-phenyl alanine] and the like. 

The reaction temperature may range from -30 °C to reflux temperature of the solvent(s) 
used. The preferred temperature ranges from 0 °C to 100 °C, and more preferably, from 40 
°C to 80 °C. However, when HCN (g) (Scheme 2, Intermediate VII, M = H) is used the 
required temperature is in the range of about -30 °C to -10 °C. 
15 This reaction may be carried out in the absence or presence of an inert atmosphere such as 

N 2 , He or Ar. The duration of the reaction may vary from 1 hrs to 3 days, more specifically 2 
hrs to 2 days. 

It is preferable to react a compound of formula (V), hydrogen sulfite derivative (VHI), 
and cyanide derivative (VII) with respect to 2-chloro benzaldehyde (VI) in the ratio 
20 preferably between 1 to 1.2 equivalents. The racemic cyano compound (IV) thus obtained, 
can be resolved into optically active (+) and (-) forms. 

The cyano compound (IV) thus obtained can be converted into corresponding acid of 
formula (IH), amide of formula (Et) or acid of formula (I) as shown in Scheme 1 (EL C. 
Larrock, in "Comprehensive Organic Transformations", John Wiley & Sons, Inc, 1999, 2nd 
25 Ed., 815-818 and references therein). 

Yet, another aspect of the present invention is to convert these intermediates II and III, 
into compounds of formula I, as shown in scheme 1. Each of (±), (+) or (-) the isomer of 
intermediate of formulae II and m, can be converted into the corresponding isomer of 
compounds of formula I. 

30 The preferred route to obtain the compound of formula (I), involves conversion of either 

(±), (+) or (-) isomer cyano compound (IV) and its salts, into amide compound of formula 
(II), in the presence of suitable acidsftase reagents in suitable solvents. Later resolving the 
amide into optically active (+) or (-) form or its salt and the optically active amide is being 
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converted into optically active ester of formula (I) in presence of suitable catalyst and 
reagent. 

The reaction to convert cyano compound of formula (IV) into amide compound of 
formula (II) may be carried out in presence of reagents, which include acid or a base. Suitable 

5 acids which may be used are, acetic acid, /7-toluenesulfonic acid, trifluoroacetic acid, 
chloroacetic acid and the like or anhydrous alcoholic or aqueous solution of mineral acids 
such as sulfuric acid, HC1, HBr and the like. A base is preferred whenever the starting 
material is a racemic mixture. Suitable base which may be used are lithium hydroxide, 
sodium hydroxide, potassium hydroxide, potassium ferf-butoxide, or mixtures thereof, 

10 preferably alkali metal hydroxides. Along with alkali metal hydroxides, excess of hydrogen 
peroxides or metal peroxides may also be used in the above reaction. Suitable solvent/s for 
the above reaction may be aqueous, polar or protic solvents such as water, (Ci-C4)alcohol, 
acetone, acetic acid, dimethyl formamide, THF, DMSO, dioxane, DME and the like or 
mixtures thereof; preferably solvent consists of water, methanol or tert-BuOH or mixture of 

15 these solvents, in a ratio varying between 1 : 1 to 1 : 1 0. 

The temperature ranges from 20 °C to 250 °C, preferably, from 50 °C to 150 °C. The 
reagents used in the above process can be in the range from 0.01 to 1.2 moles equivalents. 
The reaction may be carried out in the absence or presence of an inert atmosphere such as N2, 
He or Ar. The reactions under the basic conditions are preferably under inert atmosphere. The 

20 duration of reaction may range from 1/2 hr to 5 days, preferably from 2 hrs to 2 days. 

The amide of formula (II), in either racemic or optically active (+) or (-) form, or then- 
salt, can be converted to corresponding methyl ester of formula (I), in presence of at least one 
equivalent of methanol and acid, in suitable solvent. 

Suitable acids which can be used include acetic acid, polyphosphoric acid, p- 

25 toluenesulfonic acid, trifluoroacetic acid, chloroacetic acid, or mineral acids, which includes, 
sulfuric acid, HC1, HBr and the like, which could be in different forms like acid dissolved in 
alcohol, anhydrous acids dissolved or saturated in alcohol and alcohol used may be methanol. 
The preferable acid is concentrated sulfuric acid in the 1 to 50 equivalent ratio. Suitable 
solvents for the above transformation may be polar or protic solvent such as hydrophilic 

30 solvents including methanol, acetone, acetic acid, THF, DMSO, dioxane, DME and the like 
or mixtures thereof. The preferable solvent consists of methanol at least in one equivalent and 
may be in large excess such that it acts as a solvent. Sometimes inert cosolvent, such as 
toluene, xylene etc. can also be used. 
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The temperature ranges from 20 °C to 250 °C, preferably from 50 °C to 150 °C. The 
reaction may be carried out in the absence or presence of an inert atmosphere such as N2, He 
or Ar. The duration of reaction may range from 3 hrs to 5 days, preferably from 4 hrs to 2 
days. 

5 It is possible to convert compound of formula (TV) in either racemic or optically active 

(+) or (-) form or its salt is converted into the corresponding acetic acid derivative of formula 
(HI) in presence of suitable solvent and reagent. Suitable solvent/s may be aqueous or 
alcoholic in nature. Suitable reagents for the above reaction include acids as well as bases. 
It is also possible to convert the cyano compound of formula (TV) in either racemic or 

10 optically active (+) or (-) form or its salts, directly into methyl ester of formula (I), in 
presence of at least one equivalent of acid and at least one equivalent of methanol in suitable 
solvents according to methods known in the literature. 

The acid of formula (HI) in either racemic or optically active (+) or (-) form or its salts 
can be converted into corresponding methyl ester of formula (I), in presence of suitable 

15 reagent in suitable solvents and at least one equivalent of methanol. 

Suitable reagent which can be used include, thionyl chloride, acid chlorides such as 
pivaloyl chloride, alkylchloroformates like ethyl or methyl chloroformates and other such 
reagents which activate the COOH group, in a 1:1 equivalent ratio. Suitable solvent for the 
above transformations may be polar or protic solvent such as, methanol, acetone, 

20 dimethylformamide, THF, DMSO, dichloromethane, dichloroethane, dioxane, DME and the 
like or mixtures thereof. The preferable solvent consists of methanol in at least one equivalent 
and may be in large excess such that it acts as a solvent. The temperature ranges from 20 °C 
to 250 °C, preferably from 50 °C to 150 °C. 

The reagents used in above process may range from 0.01 moles to equimolar ratios. The 

25 reaction may be carried out in the absence or presence of an inert atmosphere such as N2, He 
or Ar. The duration of reaction may range from 3 hours to 5 days, preferably from 3 hr to 2 
days. 

This manufacturing process to prepare the compounds of general formula (I) as shown in 
scheme 1, has following advantages: 
30 1) It requires less number of steps to prepare the compounds of the formula (I). 

2) Simple readily available reagents / chemicals are used. 

3) Milder reaction conditions are employed in various steps. 

4) It is possible to get chiral/optically active intermediates at every stage (I, n, HI, IV, or 
V) 
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5) It is possible to racemize the unwanted isomers thereby enhancing efficiency and 
reducing environmental load. 

6) The above factors contribute to improve cost effectiveness of the process described 
herein. 

The compounds of the formulae (T), (II), (HI) and (TV) can be resolved by various 
methods to get optically active compounds of the formulae (I), (II), (HI) and (TV), which can 
give Clopidogrel of desired stereochemistry (EL A. Sheldon, in "Chirotechnology", Marcel 
Dekker, Inc. NY, Basel, 1993, 173-204 and references therein; A, N. Collins, G. N. 
Sheldrack and J Crosby, in "Chirality in Industry II", John Wiley & Sons, Inc, 1997, 81-98 
and references therein; E. L. Eliel and S. H. Wilen, in "Stereochemistry of Organic 
Compound", John Wiley & Sons, Inc, 1999, 297-464 and references therein). 

The process of resolution comprises of dissolving the racemic mixture (of formulae I, U, 
m or IV) in suitable solvent and addition of a suitable chiral reagent. Optionally the medium 
may contain water about < 5 %. Suitable solvent is selected on the basis whether the 
diastereomeric salt precipitates out differently. The separation of diastereomeric salt may 
result either spontaneously or by addition of co-solvent or salting out or evaporation of the 
solvent or addition of a cosolvent. Alternatively, the separation may result simply by stirring 
at a suitable temperature in a solvent(s) until one of the salts preferentially precipitate out. 
Purification of diastereomeric salt is possible by refluxing in a suitable solvent. The free base 
is liberated from its salt using a suitable base reagent. The diastereomeric salt is dissolved or 
suspended in a rnixture of water and organic solvent and is neutralized with a base under 
stirring. The free base is obtained after separation of aqueous layer and evaporation of the 
organic solvent. 

The solvents used during the resolution can include solvents or mixtures thereof such as 
(Ci-C 4 ) alcohol, (Ci-C 4 )ketone, dimethylformamide, ethyl acetate, methyl acetate, methyl 
ethyl ketone, acetonitrile, propionitrile, THF, dioxane and the like; the solvent used 
optionally may contain water up to 5 %, but presence of water or its amount is not critical. 
Suitable temperature range for the resolution includes temperature from 0 °C to reflux 
temperature of the solvent used, preferably 0 °C to 80 °C. The acid chiral reagents, which can 
be used to form a diastereomeric salt, include tartaric acid, mandelic acid, lactic acid, 
camphorsulfonic acid, lactic acid, maleic acid, amino acids and the like. 

By repeated crystallization from a suitable solvent, the precipitated salt is enriched in the 
salt of dextrorotatory isomer of the desired diastereomer to yield a product of constant optical 
rotation. 
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Suitable base reagent for the hydrolysis of diastereomeric salt includes sodium carbonate, 
potassium carbonate, sodium hydrogen carbonate and potassium hydrogen carbonate in 
aqueous media at temperatures varying between 5 °C to 25 °C. 

Finally, the desired salt of compound of formula (II), (TH), or (IV); or pharmaceutical^ 
5 acceptable salt of compound of formula (I) can be formed from the corresponding 
stereoisomer and a suitable acid. The optically pure (S)-(+) compound of formula (I), is 
converted into its bisulfate salt using sulfuric acid 70 % to 98 %, in an appropriate solvent at 
suitable temperature to afford (+)- Clopidogrel bisufate, polymorph I as desired. 

Alternatively, the diastereomers formed may be separated by conventional methods of 
10 purification such as fractional crystallization, column chromatography and the like followed 

by cleavage of salt to give product of desired stereochemistry. It is preferable to use, such a 

chiral agent, which can selectively form diastereoisomer with either R or S stereoisomer of 

intermediate I, II, DI or IV. The chiral reagent used may be in 0.5 to 1. 1 molar ratio. 

Determination of the enantiomeric purity of the (+)-dextrorotatory and (-)-laevorotatory 
15 enantiomers may be carried through proton NMR spectroscopy with the addition of a chiral 

rare earth reagents (shift reagents) or by HPLC using a chiral stationary phase as well as 

through measurement of optical rotation. 

The absolute stereochemistry of the diastereomeric salt of n, HI or IV compounds may be 

determined using conventional methods, such as X-ray crystallography. The absolute 
20 stereochemistry of chiral compounds can also be determined by comparing it with the 

reference standards known in literature. 

The pharmaceutically acceptable mineral and organic acid salts of optically active 

enantiomers of Clopidogrel are prepared using various acidic salts, which forms a part of this 

invention but are not limited to hydrogen sulfates, hydrohalides, taurocholates and the like. 

25 More specifically the present process of invention results in Clopidogrel bisulfate of 
melting point 184 ±3 °C, which is characteristic of Clopidogrel bisulfate form I. 
Alternatively, Clopidogrel bisulfate form II can also be prepared by known method (WO 
99/65915, FR 98 07464). 

The process of this invention also includes the process to recycle the unwanted 

30 stereoisomer through racemization. The conditions for racemization of all the intermediates 
of general formula H, m or IV as well as final product J, involves the similar solvent and 
catalyst in equimolar quantities. Suitable catalyst is generally a base such as LDA(Lithium 
diisopropylamide), KOH, NaOH, K + -f-BuCT, NaOMe, NaH, KH and the like. Suitable 
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solvent used during the resolution can include solvents or mixtures thereof such as (C1-C4) 
alcohol, (Ci-C 4 )ketone, ethyl acetate, methyl acetate, methyl ethyl ketone, THF, dioxane and 
the like; the solvent used optionally may contain water up to 5 %. Suitable temperature range 
for the resolution includes temperature from 0 °C to reflux temperature of the solvent used, 
5 preferably 0 0 to 80 °C. 

The process described in the present invention is demonstrated in the examples illustrated 
below. These examples are provided as illustration only and therefore should not be 
construed as limitation to the scope of the invention. 

10 EXAMPLE 1 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitriIe0V) 

To a solution of 8.98 g (86.33 mmole) sodium bisulfite in water (27 mL), o- 
chlorobenzaldehyde 12.4 g (86.33 mmole) was added resulting in a white precipitate. To the 
precipitate, 15 g (0.107 moles) of 6,7-clmydro-4#-tMeno[3,2-c]pyridine was added, followed 

15 by addition of 4.4 g (89.7 mmoles) NaCN (dissolved in 15 mL water). The reaction mixture 
was heated at 40 - 50 °C for 6 hrs and was quenched by pouring in water (50 mL). The 
mixture was extracted with 2 x 100 mL of ethyl acetate. The organic layer was dried over 
anhydrous sodium sulfate and the solvent was removed under reduced pressure. The yield of 
the title product is 24 g (97 %). 

20 The product obtained was characterized using IR spectrum, Mass, 13 C-NMR and 1 H- 
NMR, which are as given below : 
IR spectrum (cm" 1 ) : 2227 (w, CN group) 

Mass spectrum (m/z) : 289.1 (M+H) + 

13 C-NMR(CDC1 3 ) : 8 136.46, 132.78, 132.38, 130.69, 130.46, 130.38, 129.90, 126.73, 

25 124.96, 123.01, 115.09, 59.12, 49.30, 47.66, 25.47. 

X H-NMR (CDCI3) : 5 7.2-7.7 (4H, m), 7.0 (1H, d), 6.69 (1H, d), 5.32 (1H, s), 3.78 (1H, 
d), 3.65 (1H, d), 2.8-83.0 (4H, m). 

EXAMPLE -2 

30 (±).(2-chlorophenyl)-(6,7-dihydro-4fl-thieno[3,2-c]pyrid-5-yl)acetonitriIe(IV) 

140.5 g (1 mol) of o-chlorobenzaldehyde and 65 g of (1.01 mol) KCN was added to 3.5 L 
of methanol. 139.05 g(l mol) of 6,7-clmydro-4#-tWeno[3,2-c]pyridine and 190 mL of glacial 
acetic acid was added to the reaction mixture, which was heated at 60 °C for 20 hrs with 
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stirring. After 8 hrs, precipitate begins to appear and then the reaction mixture was poured in 
water and extracted with (2 x 25 mL) ethyl acetate. The solvent was removed under reduced 
pressure and the residue purified as described in Example 1. The yield of product was 187 g 
(65 %), having melting point = 123 -124 °C. 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR. and 1 H- 
NMR and was found to be identical to the product obtained in example 1 . 



EXAMPLE-3 

(±)-(2-chlorophenyl)-(6,7-dihydro-4fl-thieno[3,2-c]pyrid-5-yl)acetonitrile(IV) 

27.6 g (266 mmol) of sodium bisulfite was dissolved in 100 mL water, and 38.2 g (271 
mmol) o-chlorobenzaldehyde was added after dissolving in 100 mL methanol. A thick white 
slurry results, which was heated at 60 °C for 1 hour, followed by addition of, 36.97 g (266 
mmol) of 6,7-dmydro-4#-tmeno[3,2-c]pyridine at 40 °C and was stirred for 2 hrs. To this 
reaction, 17.29 g (266 mmol) of KCN dissolved in 50 mL water was added carefully and 
heating was continued at 40 °C for 5 - 6 hrs, giving white precipitate. The reaction mixture 
was worked as described in Example 1 and the yield obtained was 54.6 g (72 %). 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and 1 H- 
NMR and was found out to be identical to the product obtained in example 1. 

EXAMPLE -4 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetohitrile(IV) 

4.5 g (25.64 mmol) 6,7-dmydro-4if-thieno[3,2-c]-5-pyridinium hydrochloride was added 
(at 10 °C) to solution of potassium cyanide 1.95 g (30 mmol) in 2 mL of ice-cold water, and 
was followed by dropwise addition of 5 mL concentrated hydrochloric acid at 0 °C. After 
addition of.HCl, 3.3 g (23.47 mmol) o-chlorobenzaldehyde dissolved in 50 mL methanol, 
was added dropwise. Later the reaction mixture was kept at room temperature for 3 days and 
afterwards at 50 °C for 3 hrs. The pH was adjusted to 7.5 - 8.0 by dropwise addition of 
NH4OH and the product was extracted with ethyl acetate (2 x 50 mL). The solvent was dried 
over sodium sulfate and evaporated under reduced pressure. The amount of product obtained 
was 1.67 g (18 %) with melting point = 122 -124 °C. 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and ! H- 
NMR and was found to be identical to the product obtained in example 1 . 
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EXAMPLE 5 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile(IV) 

6.25 g (44.46 mmol) o-chlorobenzaldehyde was dissolved in 60 mL of toluene. To the 
same flask, 10 mL glacial acetic acid and 1.24 g (4.343 mmol) cyclo[(S)-histidine-(S)-phenyl 
alanine] were added, and the temperature was lowered to -25 °C. This was followed by 
addition of 7 g (50.35 mmol) 6,7-dihydro-4#-tMeno[3,2-c]pyridine and the reaction flask was 
purged with HCN gas (at the rate of 30 bubbles/min) at -25 °C for 6 hrs and later was stirred 
at 31 °C for 2 days. The solvent was removed under vacuum, the residue was purified as 
mentioned in example 1. The amount of product obtained was 5.5 g (43 %) with melting 
point = 124-125 °C. 

The product obtained was characterized using JR. spectrum, Mass, 13 C -NMR and 1 H- 
NMR and was found to be identical to the product obtained in example 1. 

EXAMPLE 6 

(±)-(2-chlorophenyl)-(6,7-dihydro-4fl-thieno[3,2-c]pyrid-5-yl)acetonitrile(IV) 

As described in Example 5, the adduct was formed between 104.3 g (1 mol) sodium 
bisulfite and 144.39 g (1.02 mol) o-chlorobenzaldehyde, to which 150 g (1.078 mol) 6,7- 
dmydro-4H-thieno[3,2-c]pyridine was added at 31 °C to and stirred for 1 hr. 102 g TMS-CN 
was added dropwise and temperature was maintained at 31 °C for 6 hrs, resulting in a white 
product, which was isolated and purified according to the procedure in example 1. The yield 
obtained was 30 g (10 %) having melting point about 123-124 °C. 

The product obtained was characterized using JR. spectrum, Mass, 13 C -NMR and 'H- 
NMR and was found to be identical to the product obtained in example 1. 

EXAMPLE 7 

(±)-(2-chlorophenyl)-(6,7-dihydro-4fl-thieno[3,2-c]pyrid-5-yl)acetonitrile(rV) 

To 19.5 g (250 mmol) KCN dissolved in water (20 mL) and 43 g (250 mmol) 6,7- 
dihydro-4/f-thieno[3,2-c]pyridine was added, followed by dropwise addition of 50 ml 
concentrated hydrochloric acid. After the addition was complete, a solution of 33 g (230 
mmol) o-chlorobenzaldehyde in 100 mL methanol was added dropwise and stirred for 8 hrs 
at 31 °C. The pH of the reaction mixture was adjusted to 7.5 - 8.0 using NH4OH and the 
product was extracted with ethyl acetate (2 x 500 mL) and washed with water (2 x 500 mL), 
brine (500 mL) and was dried over sodium sulfate. The solvent was evaporated under 
reduced pressure to give of 50 g (74 %) the product with melting point of about 123-125 °C. 



WO 02/059 1 28 PCT/IN02/000 1 2 

16 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and ! H- 
NMR and was found to be identical to the product obtained in example 1 . 

EXAMPLE 8 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile(IV) 

To the solution of 35.5 g (342 mmol) sodium bisulfite in 35 mL water, 49. 1 g (349 mmol) 
of o-chloro benzaldehyde was added dropwise, whereupon solid adduct forms 
instantaneously. To this 50 g (284.9 mmol) 6,7-dihydro-4^-thieno[3,2-c]pyridine 
hydrochloride was added and refluxed for 5 hrs. The usual workup and purification gave 40 g 
(40 %) of the product. 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and X H- 
MMR. The product obtained was found to be identical to the product obtained in example 1. 

EXAMPLE 9 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile(TV) 

123.83 g (880 mmol) o-chlorobenzaldehyde and 44 g (897 mmol) sodium cyanide were 
added to in 100 mL of methanol and water (1:1) mixture. To this 150 g (1070 mmol) 6,7- 
dihydro-4H-thieno[3,2-c]pyridine was added, followed by the addition of 10 mL concentrated 
hydrochloric acid and was stirred for 2 days at 31 °C temperature. The pH of reaction mixture 
was adjusted to 7.5 - 8.0 using NELOH. The product was extracted with ethyl acetate (2 x 50 
mL) and washed with water (2 x 50 mL), brine (50 mL) and was dried over sodium sulfate, 
and isolated as given in Example 1. The amount of white solid product obtained was 33 g (13 
%), which was characterized as usual. 

EXAMPLE 10 

(±)-(2-chlorophenyl)-(6,7-dihydro-4fr-thieno[3,2-c]pyrid-5-yI)acetamide(II) 

48 g (0.166 mol) (±)-(2-chlorophenyl)-(6,7-dihydro-4/f-thieno[3,2-c]pyrid-5- 
yl)acetonitrile was suspended in 240 ml f-BuOH, and add 18.26 g (0.332 mol) of KOH was 
added in one lot with stirring. The reaction mixture was refluxed at 80 - 82 °C for 3 hr., then 
cooled to 30 °C, 240 mL of water was added and stirred for 20 min. The lower aqueous layer 
was separated and fresh 720 mL chilled water (5 - 10 °C) was added slowly in 15 min. The 
product was extracted with ethyl acetate (2 x 50 mL) and washed with water (2 x 50 mL), 
brine (50 mL) and it was dried over sodium sulfate, followed by isolation by evaporating the 
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solvent under reduced pressure. On treatment with hexane solid was obtained. The yield of 
product was 48 g (94 %). 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and *H- 
NMR, which are as given below; 

IR spectrum (cm 1 ) : 1656 (s, C=0 group), 2333.7 (N-H) 

Mass spectrum (m/z) : 307.2 (M+H) + 

13 C-NMR(CDC1 3 ) : 5 173.82, 135.32, 133.42, 133, 130.27, 129.99, 129.4, 126.98, 

125.18, 122.98, 69.12, 50.77, 49.10, 25.82. 
'H-NMR (CDCI3) : 6 7.4 - 7.5 (4H, m), 7.24 (1H, d), 7.0 (1H, s), 6.66 (1H, d), 6.0 (1H, s), 

4.88 (1H, d), 3.61 (2H, q), 2.88 (4H, m). 
Melting point : 125 - 127 °C 

EXAMPLE 11 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide(IT) 

100 mg (0.3466 mmole) (±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetonitrile of formula (TV) prepared according to Example 1-9, was dissolved in the 5 mL 
HC1 and 1 mL trifluoroacetic acid and 5 mL f-butanol was added and refluxed for 4 hrs. 
After the reaction was complete, the product was isolated as mentioned in example 11. The 
yield of the product was 40 mg (38 %). 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and 1 H- 
NMR and was found to be identical to the product obtained in example 10. 

EXAMPLE 12 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide(TI) 

In 100 mg (0.346 mmole) (±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl) 
acetonitrile of formula (TV) (prepared according to Example 1 to 9, 5 mL formic acid and 5 
mL concentrated hydrochloric acid was added and the reaction mixture was stirred for 48 hrs 
at 25-30 °C, and later refluxed at approx. 100 °C for 6 hrs and was stirred for 8 days at 25-30 
°C. After completion of reaction, the reaction mixture was worked up as mentioned in 
Example 10. The yield of the product was 50 mg (47 %). 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and 1 H- 
NMR The product obtained was identical to the product obtained in example 10. 
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(±)-(2-chIorophenyI)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yI)acetamide (S) 

200 mg (0.694 mmole) (±)-(2-cMorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetonitrile of fonnula (IV) prepared according to Example 1-9, was added to 5 ml HBr 
and 5 ml H 2 0 and was stirred for 72 hrs at room temperature. The reaction mixture was then 
5 refluxed for 11 hrs at 100 °C and the product was isolated as mentioned in example 10. The 
yield of the product was 50 mg (47 %). 

The product was characterized using IR spectrum, Mass, I3 C -NMR and ^-NMR and 
was found to be identical to the product obtained in example 10. 

10 EXAMPLE 14 

(±)-(2-chlorophenyl)-(6,7-dihydro-4£T-thieno[3,2-c]pyrid-5-yl)acetamide (II) 

1 g (3.47 mmole) (±)-(2-chlorophenyl)-(6,7-dihydro-4/^-thieno[3,2-c]pyrid-5- 
yl)acetonitrile, was dissolved in 5 mL H2SO4(50 %). To the reaction mixture 0.405 g 
anhydrous NaCl was added and reflux the reaction at for 2-3 hrs. At the end of reaction, the 
15 product was isolated as described in Example 10. The yield of the product was 600 mg (57 

%). 

The product was characterized using IR spectrum, Mass, 13 C -NMR and ^-NMR and 
was found to be identical to the product obtained in example 10. 

20 EXAMPLE 15 

(±)-(2-chlorophenyl)-(6,7-dihydro-4JT-thieno[3,2-c]pyrid-5-yl)acetamide (IT) 

1 g (3.47 mmole) (±)-(2-chlorophenyl)-(6 ? 7-dihydro-4//-thieno[3,2-c]pyrid-5- 
yl)acetonitrile was dissolved in the 5 g (5 mmol) HCIO4 and 10 mL H2O was added to the 
reaction mixture. The reaction mixture was refluxed at 105 °C for 7 hrs and later stirred at 
25 room temperature for 12 hrs. The pH was raised until 10-12, using 10 %w/v NaOH solution 
and later extracted with 50 mL dichloromethane. The organic layer was isolated, and washed 
with water and evaporated under reduced pressure. The residue was treated with hexane to 
give 50 mg (47 % yield) solid, having melting point 125-127 °C. 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and 1 H- 
30 NMR and was found to be identical to the product obtained in example 10. 

EXAMPLE 16 

(±)-(2-chlorophenyl)-(6,7-dihydro-4 (II) 
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, 6 (3.47 mmo.) of (*»-^ , * Wff r W ^ 
J s - inmT # RuOH and 277 mg (6.925 mmol) crushed NaOH 
yl)acetonitrile was suspended in 10 mL *-BuOH, and g k 

was dumped under stirring. The reaction mixture was refluxed at 80 - 82 C for 4 hrs 
was dumped u » extraction with ethyl 

foUowed by cooling to room temperature. The product was isoiaie y 

followed by co g wnoorated oily material left- behind upon hexane 

acetate. The organic extract was evaporated, and ony 

treatment yields 400 mg solid (38 %). t 

The product obtained was characterized using IR spectrum, Mass, C -NMR and H 
NMR and was found to be identical to the product obtained in example 10. 

EXAMPLE 17 

11 1 added, — by 5 n, »» (0.05 1 30 « w/v) in - « - - 
o/ 0 w /v) was added again and stirred for 12 hrs. The product wa 

2 . 8 gcrudeoily materia!. wUchafter^e.,™*^,^^^ 
The product obtained wa, characterixed using IE. spectrum, Maas. C -NMR and 
» NMR and was found to be identical to the product obtained in example 10. 

EXAMPLE 18 

U (2 -*lorop»e»ylK".™^^ W , , 

(±, rr 0 : i mol) 

Zl Cl brought . , usmg dtiute hydrochloric acid. The - 

1 fltered and washed with 100 mL water. Tbe yield of product was 9 g (85 /.) wnb 

melting point : 122 °C. , i R- 

30 Tbe product obtained was characterized using * spectrum, Mass C -NMR and H 
NMR and was found » be identical to tire product obtiuned in example 10. 



EXAMPLE 19 
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(±)-(2-chIorophenyl)-(6,7-dm^^ hydrogen 
sulfate salt (II) 

2 g (6.48 mole) of (±>(2-chlorophenylH6,7^ 
yl)acetamide of formula (IV), was dissolved in 10 mL acetone. To the reaction mixture 1 mL 
of sulfuric acid was added and was stirred for 0.5 hr. Later 5 mL of diethyl ether was added 
and stirred overnight at room temperature to obtain a salt. The salt 2 g (76 %) was isolated by 
filtration and washed with acetone. 
Melting point : 199.1 °C 
IR spectrum : 1682.8, 3116 (cm" 1 ). 

EXAMPLE 20 

(±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetic acid (ID) 

To 100 mg (0.3466 mmole) (±)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl) acetonitrile was dissolved in 2 mL /-butanol and add 1.5 mL HC1 was added. The reaction 
mixture was refluxed for 9 hrs at 100 °C. In the end, after the completion of reaction, water 
was added and pH was brought to 4 with 10 % KOH solution. The product was extracted 
with 5 mL dichloromethane and proceeded as given in the earlier example. The yield was 40 
mg(38%). 

The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and 1 H- 
NMR, which are as given below; 

IR spectrum (cm' 1 ) : 1637.5 (s, C=0 group), 3399.3 (O-H) 
Mass peaks (m/z) : 308.1 (M+H) + 

1 H-NMR(5 ppm) : 5 7.22 - 7.89 (4H, m), 5 7.11 - 7.12 (1H, d), 5 6.61 - 6.63 (1H, d), 8 3.57 - 
3.67, (2H, d), 5 4.13 (2H, s), 5 3.32 - 3.42 (2H, s). 

EXAMPLE 21 

(±)-(2-chIorophenyl)-(6,7-dto^ acid (HI) 

5 g (17.33 mmole) (±)-(2-chlorophenyl)-(6,7-dihydro-4^-thieno[3,2-c]pyrid-5- 
yl)acetonitrile was added to 100 mL HC1 and the mixture was stirred for 2 days and later 
refluxed for 15 hrs. in the end the reaction mixture was dumped in water, and the pH was 
raised to 4 using 10 % KOH. The product was extracted with 2 L dichloromethane, washed 
with water, and the organic layer was evaporated to obtain the residue. Usual purification of 
the residue gave 2 g of solid (38 %). 
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The product obtained was characterized using IR spectrum, Mass, 13 C -NMR and 1 H- 
NMR. The product obtained was found identical to the product obtained in example 20. 

EXAMPLE 22 

5 (±)-Methyl (2-chlorophenyl)-(6,7-dihydro-4JH r -thieno[3 5 2-c]pyrid-5-yl)acetate (I) 

Mix 10 g (32.62 mmole) (±)-(2-cUorophenyl)-(6,7-dihydro-4i7-thieno[3,2-c]pyrid-5-yl) 
acetamide (prepared according to example 15), with 19.8 g (161.7 mmole) DMFDMA 
(Dimethyl formamide dimethylacetal) in 100 mL methanol. The mixture was refluxed at 70 
°C for 14 hr. Later the reaction mixture was quenched in water and extracted with ethyl 
10 acetate. The organic extract was evaporated under reduced pressure to give 5 g of oily 
product (48 %). This oil was used without any further treatment to prepare salts of ester (T). 

EXAMPLE 23 

(±)-MethyI (2-chIorophenyl)-(6 ? 7-dihydro-4iy-thieno[3>c]pyrid-5-yl)acetate (I) 

15 15 g (0.0490 mol) of (±)-(2-cMorophenyl)-(6,7-dihydro-4//-thieno[3,2-c]pyrid-5- 

yl)acetamide, was dissolved in 105 mL methanol, with stirring. To the above solution, 45 mL 
(0.823 mol) of concentrated sulfuric acid (98 %) was added dropwise at room temperature 
and over a period of 1.5 hour. Later the reaction mixture was refluxed at 80 °C for 26 hour, 
followed by distillation of methanol. To the residue left behind, 200 mL ethyl acetate was 

20 added at temperature between 0 °C to 5 °C along with stirring. After the addition 99 g (1.764 
mol) KOH dissolved in 300 mL water was added to the reaction and was stirred for 0.5 hour. 
Finally, the reaction mixture was filtered and allowed to stand. The organic layer was isolated 
and dried over anhy. Na2SC>4. The solvent was evaporated to obtain oily product. Yield was 
10 g (64 %). 

25 

EXAMPLE 24 

(±)-Methyl (2-chlorophenyl)-(6,7-dihydro-4fl-thieno[3,2-c]pyrid-5-yl)acetate hydrogen 
sulfate salt (I) 

10 g of (±) Methyl (2-chlorophenyl)-(6,7-dihydro-4//-1iiieno[3,2-c]pyrid-5-yl)acetate 
30 prepared according to Example 22, was dissolved in 100 mL of ice-cold acetone and 2 mL 
concentrated sulfuric acid was added at 0 °C to 5 °C. The crystalline white to off white 
product formed was isolated by filtration and washed with 20 mL of acetone. The product 
obtained was dried in vacuum oven at 50 °C. The yield of titled product was 7.2 g (56 %). 
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EXAMPLE 25 

(±)-Methyl (l-chlorophenylXe^-dihydro-^-thienop^clpyrid-S-y^acetate (I) 

2 g (0.00652 mol) (±) (2-cWorophenyl)-(6,7-dihydro-4^-thieno[3,2-c]pyrid-5- 
yl)acetamide and 2 mL (0.0308 mol) methane sulfonic acid and 20 mL methanol were mixed 

5 and the solution was refluxed at 85 °C for 12 hrs. The excess of solvent was removed under 
reduced pressure. The pH was adjusted to about 9 with aq. solution of sodium bicarbonate at 
0 °C, and the product was extracted with 70 mL ethyl acetate. The combined organic extracts 
were dried over anhy. Na2S04 and concentrated. The residue obtained was purified by 
column chromatography using hexane : ethyl acetate as eluent. The product thus obtained 

10 was concentrated, was stored under nitrogen atmosphere, and kept in refrigerator before 
converting into salt. The yield of titled product was 0.419 g (20 %). 



EXAMPLE 26 

(±)-Methyl (2-chlorophenyl)-(6,7-dihydro-4fl-thieno[3,2-c]pyrid-5-yl)acetate (I) 

15 1 g (0.00326 mol) (±) (2-chlorophenyl)-(6,7-dihydro-4//-1±iieno[3,2--c]pyrid-5- 

yl)acetamide was dissolved in 20 mL methanol and refluxed at 85 °C. During the reflux 10 
mL polyphosphoric acid was added dropwise over a period of 1 hr and refluxing was 
continued for 6 hour. The excess of solvent was removed under reduced pressure. To the 
residue, 50 mL ethyl acetate was added at 0 °C and the reaction mixture was made basic with 

20 aq. NaHCC>3, upto pH 9. Out of the two phases separated, the organic layer was isolated, 
dried over anhydrous Na2S04 and concentrated. The residue obtained was purified by column 
chromatography using hexane:ethyl acetate (9:1) as eluent. The product obtained was stored 
under nitrogen atmosphere and kept in refrigerator before converting into salt. The yield of 
titled product was 3 10 mg (30 %). 

25 

EXAMPLE 27 

(±)-Methyl (2-chlorophenyI)-(6,7-dihy dro-4i7~thieno [3,2-c] pyrid-5-yl)acetate (I) 

1 g (0.00326 mol) (±) (2-chlorophenyl)-(6,7-dihydro-4^thieno[3,2-c]pyrid-5- 
yl)acetamide was added to 2 mL toluene at 0 °C along with stirring, followed by dropwise 
30 addition of 1 mL titanium tetrachloride, and the reaction was stirred at 0 °C for 1 hour. Later 
18 mL of methanol was added, and then the reaction was stirred for 36 hour at 29 °C and later 
reflux for 3 hrs. The solvent was distilled under reduced pressure and the residue was added 
to aq. sodium carbonate at 0 °C. the product was extracted with 20 mL ethyl acetate, and the 
organic layer was isolated, dried over anhy. Na2SC>4, concentrated and purified by column 
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chromatography using hexane : ethyl acetate as eluent. The product obtained was stored 
under nitrogen atmosphere and kept in refrigerator before converting into salt. The yield of 
titled product was 0. 1 57 g (12-15 %). 

5 EXAMPLE 28 

(±)-Methyl (2-chIorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (I) 

To 5 g (16.31 mmol) (±) (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetamide, 25 mL POCI3 was added under stirring. The contents were refluxed until amide 
was completely consumed (approx. 4 hr). Afterwards 20 mL methanol and 5. mL 

10 concentrated H2SO4 were added and stirred at room temperature for 1 hour. Later the reaction 
mixture was refluxed for 1 hour. The reaction mixture was quenched with aq. Na^COs at 0 
°C, and extracted with 200 mL ethyl acetate. The organic layer was isolated, dried over anhy. 
Na 2 S04, concentrated and purified by column chromatography using hexane : ethyl acetate as 
eluent. The product obtained was stored under nitrogen atmosphere and kept in refrigerator 

15 before converting into salt. The yield of titled product was 0.943 g (18%). 

EXAMPLE 29 

(db)-Methyl (2-chlorophenyI)-(6,7-dihydro-4H-thieno[3 ? 2-c] pyrid-5-yl)acetate (I) 

1 g (0.00326 mol) (±) (2-chlorophenyl)-(6,7.dihydro-4H-thieno[3,2-c]pyrid-5- 
20 yl)acetamide was dissolved in 10 mL methanol. The reaction mixture was saturated with HC1 
(g) at 0 °C, was stirred at room temperature for 4 hrs, and later was refluxed for 6 hrs. The 
solvent was removed under reduced pressure. To the residue, 10 mL of ethyl acetate and 
aqueous NaHC03 until pH was 9 (at 0 °C) were added. The organic layer was isolated, dried 
over anhy. Na2SC>4, evaporated under reduced pressure. The residue was further purified by 
25 column chromatography using hexane : ethyl acetate as eluent. The product obtained was 
stored under nitrogen atmosphere and kept in refrigerator before converting into salt. The 
yield of titled product was 0. 188 g (18 %). 

EXAMPLE 30 

30 (±)-Methyl (2-chlorophenyl)-(6,7-dihydro-4jff-thieno[3,2-c]pyrid-5-yI)acetate (I) 

To 1 g (0.00326 mol) (±) (2-chlorophenyl)-(6,7-dihydro-4iy-thieno[3,2-c]pyrid-5- 
yl)acetamide, 3 g (24.2 mmole) DMFDMA (dimethyl formamide dimethyl acetal) and 10 mL 
methanol were added. The reaction mixture was refluxed at 70 °C for 14 hr, and then poured 
in water and extracted with ethyl acetate. The combined organic layers are dried over anhy. 
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Na2SC>4, evaporated under reduced pressure. The residue was further purified by column 
chromatography using hexane : ethyl acetate (9:1) as eluent. The yield of titled product was 
500 mg (48 %). 

5 EXAMPLE 31 

(^-(+)-(2-chlorophenyl)-(6,7-di^ (II) 

a) A solution of 5 g (16.31 mmol) of (±)-(2-cUoro-phenyl)-(6,7-dihydro-4i^1hieno[3,2- 
c]pyrid-5-yl)acetamide (prepared as given in Examples 10-15) and 4.15 g (16.2 mmol) (IS) 
(+)-camphor-10-sulphonic acid monohydrate in 100 mL acetone was stirred at room 

10 temperature for 20 h. Subsequently it was kept for 1 week in a freezer. Few crystals appeared 
concentration of volume by evaporating solvent under reduced pressure and repeated 
recrystallization in freezer for few days gave 3.3 g (75 % yield) of (*S)-2-(2-cMoro-phenyl)-(4, 
5,6,7-tetrahydrothieno[3,2-c]pyrid-5-yl)acetamide (+)-camphor sulfonic acid salt. The salt 
was further purified by recrystallization in acetone, until constant specific optical rotation 

15 was obtained. 

The product obtained was dried suitably. The typical physicochemical characteristics of 

the product obtained are as follows, 

Melting range : 223-225 °C (dec.) 

SOR : + 51 ° (C = l,MeOH) 

20 b) 3.3 g 0SH+>(2-cMorophenyl)-(6,7-dihydro 10-D- 

camphor sulfonic acid salt was added to 20 mL saturated aqueous Na2C0 3 solution and the 

product was extracted with 20 mL ethyl acetate. The organic layer was isolated, dried over 

Na2S04 and concentrated under reduced pressure. The product was obtained crude oil, which 

upon purification gives, 1.6 g of white crystals (64 %). 
25 The product obtained was characterized by different physico-chemical characteristics 

including ER spectrum, Mass, 13 C -NMR and *H-NMR, which are as given below; 

Melting point : 153 - 154 °C 

SOR : + 41°(C-l,MeOH) 

Optical purity : 99.5 % by chiral HPLC column. 
30 IR spectrum (cm" 1 ) : 1656 (s, C=0 group), 2333.7 (m, C-N), 3357.9 (s, N-H str). 

Mass peaks (m/z) : 307.2 (M+H) + 

13 C-NMR (CDCI3) : 6 173.25, 134.84, 132.87, 132.65, 129.98, 129.56, 129.0, 126.72, 
124.87, 122.64, 68.65, 50.43, 48.73, 25.28. 
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^-NMR (CDCI3) : 5 7.4 - 7.5 (4H, m), 7.07 (1H, d), 7.06 (1H, d), 6.66 (1H, d), 6.5 (1H, s), 

4.9 (1H, s), 3.6 (2H, q), 2.88 (4H, m). 
HPLC purity : 99.85 % 

5 EXAMPLE 32 

0S)-(+).(2-chIorophenylH^ 

a) 2 g (6.5 mmol) of (±)-(2-chloro-phenyl)-(6,7-dihydro-4H-ttiieno[3 3 2-c]pyrid-5- 
yl)acetamide was added to 30 mL acetone. 0.82 g (3.28 mmol) (lS)-(+)-camphor-10~ sulfonic 
acid monohydrate in 10 mL acetone was added to above solution at 15 - 20 °C in 4 hrs. The 

10 reaction mixture was stirred for another 5 min, where a few crystals were formed. The 
solvent was distilled under reduced pressure and then the reaction mixture was kept in cold 
condition at temperature below 8 °C. The precipitate formed was filtered and washed with 
solvent. The yield of titled product was 1.2 g (60 %) with melting range = 223-225 °C and 
[oc] D = + 51° (C=l, CH3OH). 

15 b) To the suspension of 1.1 g of (+)-(S)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2- 
c]pyrid-5-yl)acetamide (liS)-(+)-camphor-10-sulfonic acid salt in 50 mL water, 50 mL of 
saturated Na2CC>3 solution in water was added. The reaction mixture was stirred for some 
time, and was followed by addition of 100 mL ethyl acetate. The organic layer was isolated, 
and distilled to get the title product. The amount of product obtained was 600 mg (60 %, 

20 based upon the dextroisomer present in the racemic mixture). 

The product obtained was characterized by different physico-chemical characteristics, 
which are as given below; 
Melting range : 149 - 153 °C 

[<x]d : + 38° (C=l, CH3OH) with % ee = 97.24 %. 

25 

EXAMPLE 33 

(*SH+).(2-chIoro-pheny^ 

a) 5 g (16.3 mmol) (±)-(2-cMorophenyl)-(6,7-dihydro-4^ 

was added to 60 mL ethyl acetate. 2 g (8.6 mmol) of (lS)-(+)-camphor-10- sulfonic acid 
30 monohydrate was dissolved in minimum amount of water and added to the above solution in 
one lot, and stirred at 35 - 40 °C for 1 hr. In short time salt forms and was isolated, washed 
with 50 mL acetone and dried. The amount of product obtained was 1.81 g (36 %). 

The product obtained was characterized by different physico-chemical characteristics, 
which are as given below; 
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Melting range : 223 - 225 °C 
[a] D : + 52. 12° (C = 1, CH 3 OH). 

b) To the suspension of 1.8 g of (5)-(+)-(2-cMoro-phenyl)-(6,7-diliydro-4/^-tliieno[3,2- 

c] pyrid-5-yl) acetamide (liS)-(+)-camphor-10-sulfonic acid salt in 100 mL water, 50 mL of 
sodium bicarbonate solution in water was added. After stirring the mixture, 150 mL ethyl 
acetate was added. The combined organic layers are distilled off to get title product. The 
amount of product obtained was 1 g (56 %). 

The product obtained was characterized by different physico-chemical characteristics, 
which are as given below, similar to example 3 1 ; 
Melting range : 153-154 °C 

[a] D : + 42° (C=l, CH 3 OH) and with % ee = 100 % (by chiral HPLC column 

chromatography). 

EXAMPLE 34 

(tf)-(-)-(2-chloro-phenyIH 

a) 5 g (±)-(2-chlorophenyl)-(6,7-dih^ (I) (0.016 
mol) was added to 60 mL ethyl acetate and to the solution 2 g (0.0086 mol) (72?)-(-)- 
camphor- 10-sulfonic acid monohydrate in 5 mL water was added to it in one lot. Reaction 
mixture was stirred at ambient temperature for 1 hr. Later the reaction mixture was stored in 
freezer for 1 week, a few crystals were seen. After, evaporation of solvent at reduced pressure 
and storing in cold condition the salt precipitated out, which was then filtered and washed 
with 50 mL acetone. The amount of product obtained was 1.7 g (39 %). 

The product obtained was characterized by different physico-chemical characteristics of (R)- 

(.)-(2-cMoro-phenyl)-(6,7-dihydro^ and of its (-)-CSA 

salt, both which are as given below; 

Melting range (-)-CSA-(-)acetamide : 219 - 220 °C 

[oc] D (-)-CSA-(-)acetamide : - 52. 12° (Ol, CH 3 OH) 

b) To the suspension of 1.6 g (i?)-(-)-(2-cmoro-phenyl)-(6,7-dihydro-4^-thieno[3,2-c]pyrid- 
5-yl)acetamide (ZR)-(-)-camphor- 10-sulfonic acid salt in 100 mL water, 50 mL of sodium 
bicarbonate solution in water was added. After stirring the mixture, 150 mL ethyl acetate was 
added. The organic layer was extracted and combined organic layer was distilled off to get 
title product. The amount of product obtained was 900 mg (36 %). 

The product obtained was characterized by different physico-chemical characteristics, 
which are as given below; 
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Melting range : 145-149 °C. 
[a] D acetamide>36.49° (C=l, CH3OH) 



EXAMPLE 35 

5 (iS)-(+)-Methyl (2-chlorophenyI)-(6,7-dihydro-4J3 r -thieno[3,2-c] py rid-5-yI)acetate 
bisulfate (I) 

15 g of (+) (^-(2-cMoro-phenyl)-(6J-dity^ 
(0.0489 mol), was converted into corresponding ester as given in example 23. The ester can 
be converted into its hydrogen sulfate salt, according to the procedure given in example 24. 
10 The amount of product obtained was 7 g (44.5 %), with melting point = 184 - 185 °C. 

The melting point, IR spectrum and XRD of the product obtained resembles that of 
product obtained in EP 281459 and US 4847265 i.e. now referred as form I polymorph of 
Clopidogrel bisulfate (WO 99/65915). 

The product obtained was characterized by different physico-chemical characteristics, as 
15 given below; 

[<x]d : + 55° (C = 1, CH3OH) 

Melting point : 185°C±2°C 

IR spectrum : 2980, 1755, 1224, 1175 and 840 respectively with the respective % of 
percentage 

20 ransmittance of approximately: 45; 16; 19; 15; 45. 

XRD was found matching with the form I, XRD reported in WO 99/65915. 

EXAMPLE 36 

(2?)-(-)-Methyl (2-chlorophenyI)-(6,7-dihydro-4jy-thieno[3,2-c]pyrid-5-yl)acetate 
25 bisulfate (I) 

Using 5 g (i?)-(-)-(2-chloro~phenyl)-^ 
obtained in the above example 34, can be converted into ester as given in Example 23. Later 
the ester can be converted into hydrogen sulfate salt as given in Example 24, The amount of 
product obtained was 3 .01 g (44 %). 
30 The product obtained was characterized by different physico-chemical/pxirity 

characteristics, as given below; 
[ah : - 52 0 (C = 1, CH3OH) 



EXAMPLE 37 
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(*S)-(+)-Methyl (2-chIorophenyl)-(6,7-dihydro-4ff-thieno[3,2-c]pyrid-5-yl) acetate 
bisulfate (1) 

a) 10 g (0.0185 mol) (7S)-(+>camphor-10-sulfonic acid salt of (+)-(2-chlorophenyl)-(6,7- 
dihydro-4Jy-tUeno[3,2-c]pyrid-5-yl)acetamide was dissolved in 40 ml methanol at 0 °C. To 

5 the solution 15 mL (0.28 mol) of cone. H 2 S0 4 was added dropwise within 1.5 hr. Gradually 
the reaction temperature was increased, and it was refluxed for 26 hrs. In the end, the solvent 
was distilled off under reduced pressure. The residue left behind was mixed with 120 mL of 
ethyl acetate and the pH was adjusted between 9 to 10 using aq. sodium carbonate for 
extraction. The organic layer was isolated, dried over anhydrous Na2SC>4, and evaporated 

10 under vacuum. The product obtained was purified by column chromatography using hexane : 
ethyl acetate (9:1) as eluent The combined eluent was evaporated at reduced pressure to 
yield 5.76 g (97 %) of product. 

b) 2 g 0S)-(+)-Methyl (2-cMorophenyl)-(6,7-dihydro-4H-tMeno[3,2-c]pyrid-5-yl)acetate was 
converted into bisulfate salt according to the procedure given in Example 24. The product 

15 obtained was 2.2 g (84 %) of product and found identical to that obtained in example 35. 

EXAMPLE 38 

Polymorph I of (+)-Methyl (2-chIorophenyl)-(6,7-dihydro-4JT-thieno[3,2-cJpyrid-5-yI) 
acetate bisulfate salt (I) 

20 52.5 mL of ice-cold acetone was added to 17.5 g (+)-Methyl (2-chlorophenyl)-(6,7- 

dihydro-4^-thieno[3,2~c]pyrid-5-yl)acetate while stirring at 0 °C. 3.6 mL of concentrated 
H2SO4 was added dropwise and temperature was kept below 5 °C. 20 mL of acetone was 
further added and reaction mixture was further stirred for 4 hrs at room temperature. 
Precipitate was isolated (17 g, 74 %), dried under vacuum at temperature not exceeding 50 

25 °C. 

The product obtained was characterized by different physico-chemical characteristics and 
was found identical to that obtained in example 35, as given below; 
Specific optical rotation : + 54° (C = 1, CH 3 OH) 
Melting point : 185 °C ± 2°C 

30 IR and XRD were found matching to that reported in the literature. 



EXAMPLE 39 

Polymorph I of (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetate bisulfate salt (I) 
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2.1 g (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieao[3,2-c]pyrid-5-yl)acetate was 
added 7.6 mL of acetone to obtain a clear solution. To this solution, 0.887 g of H 2 S0 4 (80 %) 
was added slowly and temperature was maintained around 20 °C under nitrogen atmosphere. 
Later the reaction mixture was cooled upto -20 °C for 2 hrs and then the temperature was 
brought to room temperature (20 °C). The reaction mixture was stirred at 20 - 25 °C. 
Precipitate was isolated (600 mg), dried under vacuum at temperature not exceeding 50 °C. 

The product obtained was characterized by different physico-chemical characteristics and 
was found identical to that obtained in example 35, as given below; 
SOR (a D ) : + 54.03° (C = 1 .89, MeOH) 
Melting point : 185 °C ± 1 °C 
Chiral Purity : 99.63 %(ee) 

ER. and XRD were found matching to that reported in the literature. 

EXAMPLE 40 

Polymorph I of (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 

yl)acetate bisulfate salt (I) 

To 2 g (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate was 

added 5 mL of acetone and stirred at 25-30 °C. The temperature of the reaction mixture was 
raised from 25 to 65 °C and then kept at 65 °C for 5 min. At temperature 50-52 °C 0.676 g of 
concentrated H 2 S0 4 was added. The reaction mixture was cooled from 52 °C to 5 °C, and 
additional acetone was added and stirred for 5 min. Later the reaction mixture was stirred at 
25 - 30 °C for 12 hrs, the thick precipitate obtained was filtered, washed with 5 mL of 
acetone and the residue was dried in a vacuum oven. The yield of titled product obtained was 
1.27 g (47%). 

The product obtained was characterized by different physico-chemical characteristics and 
was found identical to that obtained in example 35, as given below; 
SOR (a D ) : + 54.03° (C = 1 .89, MeOH) 
Melting point : 185 °C ± 1 °C 
Chiral Purity : 99.80 %(ee) 

IR and XRD were found matching to that reported in the literature. 

EXAMPLE 41 

Polymorph I of (+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4iT-thieno[3,2-c]pyrid-5- 
yl)acetate bisulfate salt (I) 



15 
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To 1.98 g (+)-Methyl (2-chlorophenyl)-(6,7-diliydro-4^-thieno[3,2-c]pyrid-5-yl)acetate 
was added 5 mL of acetone and stirred at 25-30 °C. The temperature of the reaction mixture 
was raised from 25 to 50 -52 °C and within one lot 0.7 g of concentrated H 2 S0 4 (95 %) was 
added with constant stirring and the reaction mixture was suddenly cooled to 0 °C to -5 °C 
for 10 min. Later the reaction mixture was stirred at 25 - 30 °C for 12 hrs, the thick 
precipitate obtained was filtered, washed with 5mL of acetone and the residue (1.6 g, 62 %) 
was dried in a vacuum oven. 

The product obtained was characterized by different physico-chemical characteristics and 
was found identical to that obtained in example 35, as given below; 
SOR (a D ) : + 55.96° (C = 1 .89, MeOH) 
Melting point : 1 85 °C + 1 °C 
Chiral Purity : 99.85 %(ee) 

IR and XRD were found matching to that reported in the literature. 

EXAMPLE 42 

Racemization of (U)-(-)-(2-chlorophen y lH6,7-dihydro-4^-thieno[3,2-c]pyrid-5- 
yl)acetamide (H) 

20 g mixture of laevorotatory (i?)<-)<2-cWorophenyl)-(6,7-dihydro-4H-thieno[3,2- 
c]pyrid-5-yl)acetamide of formula (H) and 11 g of potassium f-butoxide in 100 mL of t- 
■ butanol was stirred at 25 °C to 30 °C for 30 min. After completion of reaction, the reaction 
mixture was poured in 750 mL cold water to obtain a yellow precipitate. This solid obtained 
was filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x 
100 mL of DM water (2 x 100 mL) and concentrated to give 18 g of the corresponding 
racemic amide i.e. (±)-2-(2-cMorophenyl)-(6,7-dmydro-4H-tWeno[3,2-c]pyrid-5-yl)acetamide 

25 (II). 

The specific optical rotation of racemic amide (II) was ± 1° (C - 1, CH 3 OH). 

EXAMPLE 43 

Racemization of (iJH-H2-chIorophen y l)-(6,7-dihydro-4H-thieno[3,2-clpyrid-5- 

30 yl)acetamide (D) 

1 g mixture of laevorotatory (i?)-(-)-(2-cmorophenyl)-(6,7-dihydro-4^-thieno[3 J 2- 

c]pyrid-5-yl)acetamide of formula (II) and 1 g of potassium f-butoxide in 20 mL of DMSO 
was stirred at 50 °C to 60 °C for 3 hours. After completion of reaction, the reaction mixture 
was poured in 150 mL cold water to obtain a yellow precipitate. This solid obtained was 



20 
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filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x 25 mL 
of DM water (2 x 25 mL) and concentrated to give 0.8 g of the corresponding racemic amide 
i.e. (±)-2-(2-cMorophenyl)-(6,7-dihydro-4H-tWeno[3,2-c]pyrid-5-yl)acetamide. 
The specific optical rotation of raceroic amide (II) was ± 0.5° (C = 1, CH 3 OH). 

5 

EXAMPLE 44 

Racemization of (if)-(-)-(2-chlorophenyl)-(6,7-dihydro-4jH r -thieno [3,2-c]py rid-S- 
yl)acetamide (D) 

1 g mixture of laevorotatory (i?)-(-)-(2-chlorophenyl)-(6,7-dihydro-4^thieno[3,2- 
10 c]pyrid-5-yl)acetamide of formula (II) and 250 mg of sodium hydride in dry tetrahydrofuran 
was stirred at 25 °C to 30 °C for 3 hours. After completion of reaction, the reaction mixture 
was poured in 150 mL cold water slowly to obtain a yellow precipitate. This solid obtained 
was filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x 
25 mL of DM water (2 x 25 mL) and concentrated to give 0.95 g of the corresponding 
15 racemic amide i.e. (±)-(2-chlorophenyl)-(67-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetamide 

(n). 

EXAMPLE 45 

Racemization of (/J)-(-)-(2-chIorophenyl)-(6,7-dihydro-4£r-thieno[3,2-c]pyrid-5- 
20 yl)acetamide (II) 

1 g mixture of laevorotatory (/?)-(-)-(2-chlorophenyl)-(6,7-dihydro-4/f-thieno[3,2- 
c]pyrid-5-yl)acetamide of formula (II) and 21 g of potassium *-butoxide in 100 mL of DMSO 
was stirred at 50 °C to 60 °C for 3 hours. After completion of reaction, the reaction mixture 
was poured in 750 mL cold water to obtain a yellow precipitate. This solid obtained was 
25 filtered and dissolved in methylene dichloride. The organic layer was washed with 2 x 100 
mL of DM water (2 x 100 mL) and concentrated to give 0.8 g of the corresponding racemic 
amide i.e. (±)-(2-cMorophenyl)-(6,7-dihydro 

EXAMPLE 46 

30 (iS)-(+)-Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (I) 

5 g of (+)-(2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-p]pyrid-5-yl)acetamide was 
dissolved in 35 ml methanol and the solution was chilled to 0 to -5 °C. 15 mL (0.28 mole) of 
.cone. H 2 S0 4 (98 %) was added slowly in 1 hr maintaining the temperature till -5 °C. After 
the completion of addition the reaction mixture was stirred at room temperature for 30 min. 
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The solution was refluxed at 60 °C for 36 hrs. The reaction mixture was cooled to room 
temperature and the solvent was distilled off under reduced pressure. The residue was added 
to 200 mL chilled water was added and cooled to -5 °C. The pH of reaction mixture was 
adjusted between 9 to 10 using aq. sodium carbonate. The residue was extracted with 100 mL 
ethyl acetate. The organic layer was dried over anhydrous Na 2 SC>4, and evaporated under 
vacuum. The combined eluent was evaporated at reduced pressure to yield 3.2 g of purified 
product purified by column chromatography, using hexane : ethyl acetate (9:1) as eluent. 

EXAMPLE 47 

(SH+y Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetate (I) 

5 g of (+)-(2-chlorophenyl)-(6,7-d% was 
dissolved in 45 ml methanol, followed by 15 mL of toluene. 5 mL (0.28 mol) of cone. H 2 S0 4 
was instantly added and another 10 mL of cone. H 2 S0 4 was slowly added later, while 
maintaining the temperature at 90 °C. After that, the reaction mixture was refluxed at 90 °C 
for 13 hrs. The solvent was distilled off under reduced pressure. To the residue, 50 mL of 
water was added and the pH of reaction mixture was adjusted between 9 to 10 using aq. 
sodium carbonate. The residue was extracted with 100 mL ethyl acetate. The organic layer 
was dried over anhydrous Na 2 S0 4 , and evaporated under vacuum. The combined eluent was 
evaporated at reduced pressure to yield 2.8 g of crude product purified by column 
chromatography, using hexane : ethyl acetate (9:1) as eluent. 

EXAMPLE 48 

(^( + )-Methyl (2-chloro^ 

5 g of (iS)-(+)-(2-cMorophenyl)-^ was 
dissolved in 50 ml methanol and the solution was cooled till -15 °C. 15 mL (0.28 mol) of 
cone. H2SO4 (98 %) was added dropwise in 1 hr maintaining the temperature till -15 °C. 
After the completion of addition the reaction mixture was gradually increased, and stirred at 
31 °C for 30 min, and then refluxed at 70 °C for 21 hrs. The solvent was distilled off under 
reduced pressure and to the residue 50 mL of water was added and stirred for 30 min 
followed by cooling to -5 °C. The pH of reaction mixture was adjusted between 9 to 10 using 
aq. sodium carbonate. The residue was extracted with 100 mL ethyl acetate. The organic 
layer was dried over anhydrous Na 2 S0 4 , and evaporated under vacuum. The yield was 3.8 g 
of crude product purified by column, using hexane : ethyl acetate (9:1) as eluent. 

EXAMPLE 49 

(5H+)-MethyI (2-chlorophenyl)-(6,7-dihydro-4JT-thieno[3,2-c]pyrid-5-yl)acetate (I) 
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5 g of (+)-(2-cMorophenyl)-(6,7-dihydro-^^ was 
dissolved in 20 ml methanol and the solution warmed to 65 to 70 °C. 15 mL (0.28 mol) of 
chilled cone. H2SO4 (98 %, -15 °C) was added slowly in 1 hr maintaining the temperature till 
-15 °C. After the completion of addition the reaction mixture was heated at 70 °C for 16 hrs. 
5 The solvent was distilled off under reduced pressure and to the residue 50 mL of water was 
added and stirred for 30 min followed by cooling to -5 °C. The pH of reaction mixture was 
adjusted between 9 to 10 using aq. sodium carbonate. The residue was extracted with 100 mL 
ethyl acetate. The organic layer was dried over anhydrous Na 2 SC>4, and evaporated under 
vacuum. The combined eluent was evaporated at reduced pressure to yield 2.8 g of crude 
10 product purified by column chromatography, using hexane : ethyl acetate (9:1) as eluent to 
give 2 g of the titled compound (T) and 1 g of the starting material (S)-(+)- (IT). 

EXAMPLE 50 

(S)-(+)-(2-chloropheny^^ 

a) A solution of 5 g (16.31 mmol) of (±)-(2-cUoro-phenyl)-(6,7-dihydro-4^thieno[3,2- 
15 c]pyrid-5-yl) acetamide (prepared as given in Examples 10-15) and 4.15 g (16.2 mmol) (IS) 

(+)-camphor-10-sulphonic acid monohydrate in 100 mL acetone was kept warm for 20 hrs 
followed by storing it in temperature below 10 °C. A few crystals appeared, the mother liquor 
was concentrated further and repeated recrystallization, followed by storage in cold condition 
for few days gave 3.1 g (70 % yield) of (iS)-2-(2-cMoro-phenyl)-(4, 5,6,7- 
20 tetrahydrothieno[3,2-c]pyrid-5-yl)acetamide (+)-camphor sulfonic acid salt. The salt was 
further purified by recrystallization in acetone, until constant specific optical rotation was 
obtained. 

The product obtained was dried suitably. The typical physicochemical characteristics of 
the product obtained are as follows: 
25 Melting range : 223-225 0 C (dec.) 
SOR : + 52°(C = l,MeOH) 

b) 3.1 g 0S>(+>(2-chlorophenyl)-(6,7-dity 10-D- 
camphor sulfonic acid salt was added to 20 mL saturated Na2CC>3 solution and the product 
was extracted with 20 mL ethyl acetate. The organic layer was isolated, dried over Na2S04 

30 and concentrated under reduced pressure. The product was obtained crude oil, which upon 
purification gives, 1.5 g of white crystals (60 %). 

EXAMPLE 51 

Chiral removal of (-^stereoisomer from a mixture containing excess of (+)-Methyl (2- 
chloropheny I)- (6,7-dihy dro-4H-th ieno [3,2-c] pyrid-5-yl)acetate (I) 
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2 g (0.0173 mole) Methyl (2-cWorophenyl)-(6^-d%dro-4H-thieno[3,2-c]pyrid-5- 
yl)acetate (where ee was 80 %) was dissolved in 10 ml acetone and the reaction mixture was 
stirred for 10 min, followed by reflux. To the reaction mixture, 1.49 g (lS)-(+)-camphor-10- 
sulfonic acid hydrate in 0.8 mL water was added followed by 1 mL acetone. Then whole 
reaction mixture was refluxed for 1 hrs and cooled gradually. This was later stirred overnight 
at room temperature. The clear solution was cooled further at 0 to -5 °C, wherein precipitate 
was obtained. The salt formed was added to ethyl acetate and water, which was later basified 
with NaHCCb, the organic layer was washed with water, concentrated under reduced 
pressure, to give free base 0.386 g with chiral purity = 99.85 % (+)-isomer (ee = 99.7 %). 

EXAMPLE 52 

Chiral removal of (-)-stereoisomer from a mixture containing excess of (+)-Methyl (2- 
chlorop h eny I)-(6 ? 7-d ihy dro-4H-th ieno [3 ,2- c] pyrid-5-yI)acetate (I) 

2 g (0.0173 mole) Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetate (where ee was 90 %) was dissolved in 10 ml acetone and the reaction mixture was 
stirred for 10 min, followed by reflux. To the reaction mixture, 1.49 g (lS)-(+)-camphor-10- 
sulfonic acid hydrate in 0.8 mL water was added followed by 1 mL acetone. Then whole 
reaction mixture was refluxed for 1 hrs and cooled gradually. This was later stirred overnight 
at room temperature. The clear solution was cooled further at 0 to -5 °C, wherein precipitate 
was obtained. The salt formed was added to ethyl acetate and water, which was later basified 
with NaHCCb, the organic layer was washed with water, concentrated under reduced 
pressure, to give free base 0.386 g with chiral purity = 99.85 % (+)-isomer (ee = 99.7 %). 

EXAMPLE 53 

Chiral removal of (-)-stereoisomer from a mixture containing excess of (+)-MethyI (2- 
chlorophenyI)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5-yI)acetate (I) 

2 g (0.0173 mole) Methyl (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetate (where ee was 95 %) was dissolved in 10 ml acetone and the reaction mixture was 
stirred for 10 min, followed by reflux. To the reaction mixture, 1.49 g (lS)-(+)-camphor-10- 
sulfonic acid hydrate in 0.8 mL water was added followed by 1 mL acetone. Then whole 
reaction mixture was refluxed for 1 hrs and cooled gradually. This was later stirred overnight 
at room temperature. The clear solution was cooled further at 0 to -5 °C, wherein precipitate 
was obtained. The salt formed was added to ethyl acetate and water, which was later basified 
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with NaHC03, the organic layer was washed with water, concentrated under reduced 
pressure, to give free base 0.386 g with chiral purity = 99.85 % (+)-isomer (ee = 99.7 %). 

EXAMPLE 54 

5 Resolution of (±)-MethyI (2-chlorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetate (J) 

33 g (0.1 mol) (+)-Methyl (2-cWorophenyl)-(6,7-dihydro-4H-thieno[3,2-c]pyrid-5- 
yl)acetate was dissolved in 200 ml acetone and the reaction mixture was heated to 60 to 70 
°C, reflux for 15 min. To the reaction mixture, 25.6 g (l*S)-(+)-camphor-10-sulfonic acid 

10 hydrate dissolved in water was added, wherein formation of salt starts at 60 to 70 °C. After 
the formation of salt was complete, the reaction mixture was cooled gradually to room 
temperature and then to 0 °C to 5 °C. The isolation of diastereomeric salt by filtration and 
washed using acetone, and dried. The yield of the diastereomeric product was 20.5 g (70 %). 
The generation of (-) isomer of title compound was carried out using dilute sodium 

15 bicarbonate solution and extraction in ethyl acetate, removal of solvent and giving us the title 
compound 10.9 g ( 66 %). 

EXAMPLE 55 

Resolution of (±)-(2-chloropheny l)-(6/7-dihydro-4H-thieno[3,2-c] py rid-5-yl)acetonitrile 
20 (TV) 

a) To 5 g (0.0173 mol) (±)-(2-chlorophenyl)-(6,7-dihydro-4Jy-thieno[3,2-c]pyrid-5- 
yl)acetonitrile dissolved in 100 ml acetone, 4.35 g (0.0174 mole) (liS)-(+)-camphoM0- 
sulfonic acid hydrate in 5 mL water was added in one lot at 60 to 62 °C during addition. The 
mixture is stirred at 60 °C for 60 hr. the stirring was then continued overnight and later kept 

25 in refrigerator for 1 day. The diastereomeric salt precipitated was then filtered to yield 730 
mg of product. 

b) To 730 mg (±M2-cMorophenyl)-(6,7-dihydro-^^ 

(liS)-(+)-camphor-10-sulfonic acid salt in 20 mL water, 10 mL (5 %) Na 2 C0 3 solution added 
(pH = 10). After stirring the mixture, 100 mL ethyl acetate was added to it organic layer was 
30 then added to it. Organic layer was then separated and distilled off to get product. The yield 
of product was 400 mg (16 %). 

Specific optical rotation(a D ): + 7.5787 ° (C = 1, DMF). 
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We claim: 

1 . A process for the preparation of compound of formula (I), 




CO 

0) (±)or(+)or(-) 

where X represents either hydrogen, fluoro, chloro, bromo or iodo atom, preferably 2-chloro, 
which comprises: 

i) reacting a compound of formula (V) or its salt, 

o 

CO* +M - — - <X> x> 

W (VII) crv)(±) 
with a cyanide of general formula (VE) where M represents alkali metal, trimethylsilyl, Cu, 
or hydrogen, and followed by addition of compound of general formula (VI), where X is as 
defined earlier, to obtain a racemic compound of general formula (IV), where X is as defined 
earlier, 

ii) reacting a compound of general formula (IV), in (±) form or any of its optically active 
(+), or (-) forms, 

CN CONH 2 




<XJ ^ i 

s 




0V)<±) or (+)<*<-) «(+)<*<-) 
with acidic or basic reagents to obtain a compound of formula (II) or its salt with retention of 
configuration, 

iii) reacting a compound of general formula (II), in either (±) form or its optically active (+) 
or (-) forms, 



cooch 




L3 




(H)(±)or(+)or(-) (I)(±)or(+)or(-) 
with acidic reagents in presence of methanol to obtain a compound of formula (I) or its salt, 
with retention of configuration, 

iv) finally resolving (±) the compound of formula (I) or its salt, into its optical isomers. 
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2. A process according to claim 1, wherein optionally, resolving a racemic compound of 
formula (TV) into its optical isomers, or else, transforming the racemic compound or its 
optical isomers into its salts, followed by liberation of the salt from the compound. 

3. A process according to claim 1, wherein optionally, resolving a racemic compound of 
formula (II) into its optical isomers, or else, transforming the racemic compound or its optical 
isomers into its salts, followed by liberation of the salt from the compound. 

4. A process for the preparation of compound of formula QH) or its salt, where X represents 
hydrogen, chloro, bromo or iodo atom, preferably 2-chloro, which comprises, 

^ COOH 




-x 




(IV) (±) or (+) or (-) m (±) or (+) or ( . } 

i) reacting a compound of general formula (TV) or their salt, in any of its optical forms, in 
presence of acidic/basic catalyst in a suitable solvent, giving the corresponding acid of 
formula (III) or its salt, with configuration same as that of the starting material, 

ii) if desired, finally the racemic compound of formula (HI) or its salt, are resolved into its 
corresponding optically pure (+) and (-) forms, 

5. A process according to claim claiml, wherein a compound of formula (II) (2- 
cMorophenyl)-(6,7-dihycho-4/f-tWeno[3,2-c]pyrid-5-yl)acetamide, or its optical active 
isomers or its salts, where X represents a halogen atom such as chloro, bromo, iodo 
substituent, more preferably 2-chloro, is prepared by a process comprising, 

CONH 2 




(n)(±)or(+)or(-) 

i) treating the compound of formula (IV) or its salt or in any of its optical forms, with basic 
reagents when the starting material is racemic or else with acidic catalyst when the starting 
material is optically active, in presence of suitable solvent; 

ii) finally forming a salt of the racemic compound of formula (II), which is resolved into its 
corresponding optically pure (+) and (-) forms. 

6. A process according to claim 5, which comprises preparation of compound of formula (II) 
characterized in that, basic reagent used is lithium hydroxide, potassium hydroxide, sodium 
hydroxide and potassium f-butoxide. 

7. A process according to claim 5, which comprises preparation of compound of formula 
(II), wherein said acidic reagent used is selected from the group consisting of acetic acid, p- 
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toluenesulfonic acid, trifluoroacetic acid, chloroacetic acid, perchloric acid, formic acid or 
mineral acids such as anhydrous alcoholic hydrogen halides, or aqueous hydrochloric acid, 
sulfuric acid, HBr or a mixture thereof. 

8. A process according to claim 5, which comprises preparation of compound of formula (II) 
5 wherein, the solvent used is water, (Ci-C4)alcohol, acetone, acetic acid, dimethylformamide, 

THF, DMSO, dioxane, DME and the like or mixtures thereof, preferably, mixture of water, 
methanol or tert-BuOH. 

9. A process according to claim 5 wherein a compound of formula (II) (±)-(2-chlorophenyl)- 
(6,7-dihydro-4i7-thieno[3,2-c]pyrid-5-yl)acetamide, is resolved into (-) and its (+) forms 

10 using l-(R) or l-OS)-camphorsulfonic-10-acid, tartaric acid, more particularly or 1-(S)~ 
camphorsulfonic-10-acid, in the presence of solvent such as water, acetone, ethyl acetate or a 
mixture thereof, and the salt used can be in a molar ratio of 0. 5 to 1 . 1 equivalents. 

10. A process according to claim 5, wherein a compound of formula (II) (±)-(2- 
cUorophenyl)-(6,7-dihydro-4if-lWeno[3,2-c]pyrid-5-yl)ace1amide, is converted into 

15 corresponding salt, wherein the salt claimed is D-camphorsulfonate, L-camphor sulfonate, 
D-tartaric acid, L-tartaric acid or hydrogen sulfate. 

11. A process according to claim 1, wherein said compound of formula (T) is Methyl (2- 
chlorophenyl)-(6,7-dihydro-4iy-thieno[3,2-c]pyrid-5-yl)acetate, or its optical active isomers 
or its salts, where X represents a halogen atom such as chloro, bromo, iodo substituenf, more 

20 preferably 2-cholro, said process comprising, 



i) treating the compound of formula (II) or its salt or in any of its optical forms, with acidic 
reagents, in presence of suitable solvent; 
25 ii) finally forming a salt of the racemic compound of formula (I), which is resolved into its 
corresponding optically pure (+) and (-) forms: 

12. A process according to claim 11, wherein said acidic reagent used is selected from 
concentrated sulfuric acid in the range from 1 equivalent to 50 equivalents, preferably the 
addition is favored at 0 °C to 5 °C or at reflux temperature of the solvent used. 
30 13. A process according to claim 11, wherein, the solvent used is methanol in the range of 3 
to 30 volumes, along with other cosolvents such as toluene, DMSO, xylene and the like or 
mixtures thereof. 




cooch 3 



(0(±) or (+)«(-) 
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14. A process according to claim 1 1, wherein the duration of the reaction ranges from 4 hrs to - 
4 days. 

15. A process according to claim 11, wherein the reaction is carried out at a temperature in 
range from 40 °C to 140 °C. 

5 16. A process according to claim 1 1, wherein a compound of formula (I), is resolved using 1- 
(R) or l-(iS)-camphorsulfonic-10-acid, (if) or (iS)-tartaric acid, more particularly 1-(R) or 1- 
(iS)-camphorsulfomc-10-acid, in the presence of solvent such as water, acetone, ethyl acetate 
or a mixture thereof. 

17. A process according to claim 16, wherein a mixture containing the varying ratios of the 
10 two enantiomers, (-)-I and (+)-! is chirally enriched to (+)-(I)-stereoisomer, or chiral removal 

of (-)-(I) enantiomer from a variable mixture of (-)-I and (+)-I stereoisomers. 

18. A process for the preparation of a compound of formula (IV) and its salts, 



where X represents a halogen atom such as chloro, bromo, iodo substituent, more particularly 
15 X represents 2~chloro, along with its salts, which comprises, 

i) reacting a compound of general formula (V) or its acid addition salt with a cyanide ( of 
general formula (VII) wherein the meaning of M is alkali metal, TMS, Cu, and hydrogen, 
followed by reaction with a halogenobenzaldehyde of the formula (VT), wherein X is 
halogen atom, which are resolved into its optical isomers, and if desired, liberating from 

20 their salts or transforming into their salts; or 

ii) reacting a halogenobenzaldehyde of general formula (VI) wherein the meaning of X is 
halogen atom with cyanide of general formula (VQ) wherein M is as defined earlier, and 
followed by insitu with the compound of general formula (V) or its acid addition salt; or, 

iii) reacting the halogenobenzaldehyde of general formula (VI) wherein the meaning of X is 
25 halogen atom, with hydrogen sulfite of general formula (VHI) wherein M is as defined 

earlier, and finally with cyanide of general formula (VII), wherein M is as defined earlier, 
and subsequently reacting in situ with the compound of general formula (V) or its acid 
addition salt; and 

finally resolving the compound of formula (TV) or its salt, so obtained to its optically pure 
30 (+) and (-) form of compound of formula (IV) or its salt. 



o 




+ MCN 




(VII) 



ffV)(db) 
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19. The process according to claim 18, wherein, the reaction is carried out at temperature 
between 0 °C and 100 °C, whereas with HCN gas, reaction temperature would go further 
down up to -30°C. 

20. The process according to claim 18, wherein the reaction is carried in an aqueous or a non- 
5 aqueous medium containing acids such as acetic acid, propionic acid, methanol and 

HCl/MeOH. 

21. The process according to claim 18, wherein a catalyst acid such as dry hydrochloric acid, 
sulfuric acid, p-toluenesulfonic acid or acetic acid is used. 

22. A process according to claim 18, wherein said compound of formula (TV) (±)-(2- 
10 chlorophenyl)-(6,7-dihydro-4H-tWeno[3,2-c]pyrid-5-yl)acetonitrile, is resolved into (-) and 

its (+) forms using 1(R) or l(S)-camphorsulfonic-10-acid, tartaric acid, more particularly 
1(R) or l(S)-camphorsulfonic-10-acid, presence of acetone, ethyl acetate or a mixture thereof 
and water. 

23. A process according to claim 18, a compound of formula (IV) (±)-(2-chlorophenyl)-(6,7- 
15 dihydro-4H-thieno[3,2-c]pyrid-5-yl)acetonitrile, in (±) or (-) or (+) forms are converted into 

its salt, wherein the salt claimed is D-camphorsulfonate, L-camphor sulfonate, D-tartaric 
acid, L-tartaric acid or hydrogen sulfate. 

24. The process according to claim 18, wherein , racemization of (-) isomer of compound of 
formula (IT) is effected in a mixture which may contain (+) stereoisomer to get (±) compound 

20 using a base such as LDA, KOH, NaOH, K-t-BuOH, NaOMe, NaH, KH in a suitable solvent. 

25. The process according to claim 1, wherein racemization of (-) isomer of compound of 
formula (I) is effected in a mixture which may contain (+) stereoisomer to get (±) compound 
using a base such as LDA, NaOMe, NaH, KH in a suitable solvent. 

26. The process according to claim 17, the resolution is carried out in the presence of acetone 
25 as a solvent in the range of 5 to 10 volumes, which may contain water upto 5 %. 

27. The process according to claim 17, wherein said suitable chiral agent used is in 1:1 molar 
ratio. 

28. The process according to claim 27, wherein, suitable temperature is from 0°C to the 
reflux temperature of the solvent. 



30 



